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Abstract. The deep digital flexor tendon apparatus is represented by the distal part of 
the deep digital flexor tendon, the distal digital annular ligament and podotrochlear bursa, 
being the part of the podotrochlear apparatus most prone to injuries. The purpose of this study 
was to develop a systematic ultrasonographic approach of this apparatus and to present the 
accuracy of the ultrasound exam in imaging this anatomical formation. The ultrasound exam 
was performed on 10 sound horses using the palmar and transcuneal approach. Detailed 
description of the transverse and longitudinal ultrasonographic images of this region is 
provided.  The ultrasound of the foot has been done with a non-portable machine Aloka 
Prosound Alpha 10 (Aloka Co. Ltd., 6-22-1 Mure, Mitaka-shi, Tokyo, 181, Japan). Convex 
and microconvex multifrequence transducers, with a frequency varying between 5.0 to 10.0 
MHz have been used. This technique allowed us to image all the components of the deep 
digital flexor apparatus with the specification that it presents some limitations in examining 
the collateral parts of the distal deep digital flexor tendon and distal digital annular ligament. 
The main advantages of this technique are: low cost, short examination time and applicability 
in the field.  
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INTRODUCTION 
 
The horse is mainly used for its locomotion. Lameness represents the main reason for 
interrupting the sportive activity of a horse. The distal limb is one of the major causes of 
lameness in horses [1].   
The technical progress in the imaging diagnostic shows that one of the most frequent 
affected anatomical formations of the foot is the podotrochlear apparatus (PTA) represented 
by: the distal sesamoid bone,  the podotrochlear bursa (PTB), the deep digital flexor tendon 
(DDFT) and 4 sesamoidean ligaments [2, 3, 4].  We can consider that DDFT associated with 
the distal digital annular ligament and the podotrochlear bursa forms the deep digital flexor 
apparatus. These three anatomical formations are soft tissues being the components of the 
PTA most prone to injuries. The bibliographic data indicates that the most affected anatomical 
entity of the podotrochlear apparatus in horses diagnosed with chronic foot pain is the deep 
digital flexor tendon [2, 5].  The relation between the lesions of DDFT and the front limbs 
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lameness has already been described [6]. The etiopathogenesis is poorly understood at this 
time. It may result from either acute trauma, or repetitive stress and cumulative fatigue 
microdamage of the tendon matrix [7]. These tendinopathies can be single pathological 
entities, or they can be associated to other osseous or ligamentar lesions.  
The main purpose of this study is to present the interest and applicability of 
ultrasonography in examining the deep digital flexor apparatus and also to describe its 
anatomical and the ultrasonographic appearance. 
 
MATERIALS AND METHODS 
 
Ten healthy horses, with no history of lameness and without any clinical sign such as local 
swelling or joint distension, have been ultrasounded in order to obtain reference images of the 
equine foot. The horses belong to CIRALE, France, and they were examined here.  
Palmar and transcuneal approaches were used. The examined region was clipped with a 
#40 fine blade electric clipper. The clipped surface was washed with lukewarm water and a 
sponge. In order to realize the transcuneal approach, the frog was trimmed. The Sonogel 
(Germany) coupling acoustic gel was used. The ultrasound of the foot has been done with a 
non-portable machine Aloka Prosound Alpha 10 (Aloka Co. Ltd., 6-22-1 Mure, Mitaka-shi, 
Tokyo, 181, Japan) using convex and microconvex multifrequence transducers, with a 
frequency varying between 5.0 to 10.0 MHz. The most often used frequency was 7.5 MHz. 
For each approach both longitudinal and transverse sections were realized. 
 
RESULTS 
 
Anatomical considerations 
• The Deep Digital Flexor Tendon 
We will present the anatomical features of the deep digital flexor tendon at the level of the 
distal limb. In the fetlock region the tendon becomes wider, elliptical and bilobated. This 
tendon is composed of two oval symmetrical lobes (Fig.1, no.1). separated by a thin fibrous 
sagittal septum containing a sagittal artery [8, 9]. It lies deep or dorsal to the superficial digital 
flexor tendon till the middle of the pastern At this level it emerges between the branches of 
the superficial digital flexor tendon and for a short distance lies immediately under the skin. 
Through the length of the pastern is surrounded by the digital sheath and its distal portion is 
adherent to the distal digital annular ligament.  
It presents very regular dorsal and palmar surfaces and smooth medial and lateral borders. 
Distally the deep digital flexor tendon is broad, has a fan-like expansion, with rather sharp 
borders and contains cartilage. At the palmar aspect of the palmar tuberosity of P2, the DDFT 
is made of two different layers: a dorsal fibrocartilaginous pad and a palmar fibrous part [8, 
9].  
On the distal aspect of the palmar surface of the middle phalanx, the deep digital flexor 
tendon gives off two secondary attachments. The primary attachment or the insertion is on the 
flexor surface of the distal phalanx. In its trajectory this tendon is molded to the palmar aspect 
of the distal sesamoid bone and passes over the podotrochlear bursa, which is interposed 
between these two formations (Fig.2, no. 4). 
In order to do a better systematization, we have divided the distal part of DDFT in three 
regions related to the distal sesamoid bone: suprasesamoidean, sesamoidean and 
infrasesamoidean. 
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The suprasesamoidean region is situated proximal to the distal sesamoid bone, till the middle 
scutum. The proximal limit is the proximal extremity of the middle phalanx. 
The sesamoidean region is situated at the level of the distal sesamoid bone. 
The infrasesamoidean region is situated between the distal border of the distal sesamoid bone 
and the distal insertion of the DDFT on the distal phalanx. 
• The Distal Digital Annular Ligament 
The distal digital annular ligament it is formed by the deep part of the palmar digital fascia 
(Fig.1, no.2). It supports the terminal part of the deep digital flexor tendon. It is attached on 
either side by a strong band to the middle of the proximal phalanx (Fig.1, no.2a). The 
proximal border is well individualized from DDFT. Distally it is fusing with this tendon 
(Fig.1, no.2b). The dorsal face of this ligament is in great part adherent to the deep digital 
flexor, and the palmar face is covered by the digital cushion. It is also connected with the 
tendon or ligament of the ergot.  
• The Podotrochlear Bursa 
The podotrochlear bursa (navicular bursa) is a synovial sac interposed between the DDFT and 
the flexor surface of the distal sesamoid bone. It has a proximal recess and a distal one. The 
proximal recess overpasses the proximal border of the distal sesamoid bone and is in close 
relation to the proximal palmar recess of the distal interphalangeal joint and the distal recess 
of the digital sheath (Fig.2, no.2). Its distal recess is situated in between the distal 
sesamoidean ligament and the terminal part of the DDFT. 
 
 
Fig. 1 The palmar aspect of the deep digital flexor apparatus 
1.Deep digital flexor tendon; 2.Distal digital annular ligament (DDAL); 2a.DDAL proximal 
part; 2b.DDAL distal part. 
 
 
Fig.2 The dorsal aspect of the deep digital flexor apparatus 
1.Deep digital flexor tendon (bilobated); 2.Podotrochlear bursa; 3.Proximal palmar recess of 
the distal interphalangeal joint; 4.Distal sesamoid bone. 
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Ultrasonographic Findings 
Palmar Approach 
This approach allowed us to examine the proximo-palmar aspect of the deep digital flexor 
tendon apparatus. Reference images were obtained on longitudinal and transverse sections. 
Before reaching the soft tissues, the ultrasound beam traverses the skin and the digital cushion 
(Fig.3, no.1) which has a typical hyperechoic speckled appearance. Between the digital 
cushion and the deep digital flexor tendon, a hypoechoic line represents the distal digital 
annular ligament (Fig.3, no.2). In sagittal sections the distal digital annular ligament has a less 
echogenic aspect, compared to the parasagittal sections. 
The deep digital flexor tendon (Fig.3, no.3a, 3b) can be scanned until the proximal third of 
the distal sesamoid bone. In this region the tendon has a heterogeneous structure, with a dorsal 
fibro-cartilaginous part and a palmar fibrous part. The fibro-cartilaginous part is less 
echogenic than the fibrous one. At the level of the distal sesamoid bone the deep digital flexor 
tendon becomes entirely fibro-cartilaginous so that it can slide over the distal scutum. 
Because of this and also because of fiber orientation in this region, the deep digital flexor 
tendon has a hypoechogenic appearance.  
At the dorsal part of the deep digital flexor tendon, an anechoic line is visible. This is the 
digital tendon sheath (Fig.3, no.4) that surrounds this tendon. The digital tendon sheath ends 
distally at the level of the flexor tuberosity of the middle phalanx. 
The podotrochlear bursa (Fig.3, no.5) is situated between the distal end of the digital 
tendon sheath, the dorsal border of the deep digital flexor tendon and the proximal border of 
the distal sesamoid bone. It has an oval hypoechogenic aspect. 
 In the parasagittal plane, the collateral sesamoidean ligament and the deep digital flexor 
tendon appear thicker than in the sagittal plane. The proximal palmar recess of the 
podotrochlear bursa is slightly bigger on each side in this plane compared to the sagittal plane 
[10].  
  
Fig.3 Longitudinal ultrasonographic section of the foot using palmar approach: A. Sagittal 
section; B. Parasagittal section : 1. Digital cushion. 2. Distal digital annular ligament. 3a. 
Fibrous part of the deep digital flexor tendon. 3b. Fibrocartilaginous part of the deep digital 
flexor tendon. 4. Digital sheath. 5. Podotrochlear bursa, proximal recess. 6. Collateral 
sesamoidean ligament. 7. Proximal palmar recess of the distal interphalangeal joint. 8. Distal 
sesamoidean bone. 9. Middle phalanx. S. Skin. 
 
Transverse Ultrasound Scans  
Transverse sections are performed from the palmar tuberosity of P2 to the proximal border 
of the facies flexoria of the distal sesamoid bone.  
The most prominent structure in the scans obtained through this approach is the deep 
digital flexor tendon (Fig.4, no.2). It has a reported thickness at this level of 0.84 cm [11] but 
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tendon measurements were not included in our objectives. This tendon is composed of two 
oval symmetrical lobes separated by a thin fibrous sagittal septum containing a sagittal artery 
[8]. Even through the transverse sections the hyperechogen palmar fibrous part and the 
hypoechogen dorsal fibrocartilaginous part can be identified. Distally, the deep digital flexor 
tendon becomes thinner and completely fibrous and the axis of the tendon’s fibers is changed, 
so that it becomes hypoechoic. In the proximal and middle third of the second phalanx, on the 
dorsal aspect of the deep digital flexor tendon, an anechoic line is present; it corresponds to 
the digital tendon sheath. 
The proximal recess of the podotrochlear bursa (Fig.4, no.3) can be imagined 
approximately from the distal third of the middle phalanx. It is situated dorsally to the deep 
digital flexor tendon and appears as an anechoic line. When the scanning is performed 
between the heels, approximately at the level of the proximal border of the distal sesamoid 
bone, the podotrochlear bursa appears as a thin anechogenic line. 
The distal digital annular ligament (Fig.4, no.2) is represented by a hypoechoic line, being 
interposed between the digital cushion and the deep digital flexor and it can not be always 
visualized.   
 
  
Fig.4 Transverse ultrasonographic section of the foot using palmar approach, above the distal 
sesamoid bone: 1. Digital cushion. 2. Deep digital flexor tendon (bilobated). 3. Podotrochlear 
bursa. 4. Collateral (proximal) sesamoidean ligament. 5. Proximal palmar recess of the distal 
interphalangeal joint. 6. Middle phalanx. S. Skin 
 
Distal or Transcuneal Approach 
 
The importance of this technique resides in the fact that it allows us to examine the distal 
aspect of the deep digital flexor apparatus using the body of the frog and the central cuneal 
sulcus as an acoustic window. The structures that can be visualized in these scans are: the 
distal insertion of the deep digital flexor tendon, the palmar border of the distal sesamoid 
bone, the podotrochlear bursa, the distal recess of the distal interphalangeal joint and the 
solear face of the distal phalanx. Sagittal and parasagittal as well as transverse ultrasound 
images were obtained. 
Longitudinal Ultrasound Scans 
The longitudinal sections are more informative than the transverse ones.  
The infrasesamoidean part of the deep digital flexor tendon lies immediately underneath the 
digital cushion (Fig.5, no.2). The part that slides over the facies flexoria of the distal 
sesamoid bone is fibrocartilaginous, and appears hypoechoic. The palmar limit of the 
fibrocartilage is not very clear. Distal to that, the tendon is completely fibrous, but even so it 
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has a hypoechogenic appearance because of the orientation of the fibers. The distal insertion 
of the DDFT on the distal phalanx (P3) is imaged as a regular and thin hyperechogenic line. 
The distal recess of the podotrochlear bursa (Fig.5, no.3) is represented by an anechoic 
structure situated between the dorsal aspect of the deep digital flexor tendon and the palmar 
aspect of the distal seasamoid bone. Because the podotrochlear bursa is a virtual space, in 
longitudinal sections through the palmar approach, it can be imaged only when it is distended.  
 
 
Fig. 5 Longitudinal ultrasonographic section of the foot using transcuneal approach: 
1a.Fibroelastic part of the digital cushion. 1b. Fibrous part of the digital cushion. 2. Distal part 
of the deep digital flexor tendon. 4. Distal sesamoid bone. 5. Distal impair sesamoidean 
ligament. 6. Palmar aspect of the distal phalanx. 
 
Transverse Ultrasound Scans  
By sweeping the probe in a palmar-dorsal direction starting from the body of the frog till its 
apex, we can scan the whole distal part of the deep digital flexor apparatus, mainly of the deep 
digital flexor tendon (Fig.6, no.3). Its fibrous part is situated palmarly and is echogenic. It is 
in contact with the distal digital annular ligament and digital cushion. The dorsal part of 
DDFT is fibrocartilaginous and it has a hypoechoic appearance. It is difficult to be 
differentiated from the podotrochlear bursa when this one is not distended, or even from the 
cartilaginous border of the distal sesamoid bone’s flexor surface (Fig.6, no.4). More distally, 
at the level of the distal impair sesamoidean ligament, the deep digital flexor tendon (Fig.6, 
no.3) is completely fibrous and it has an echogenic appearance. On the scans obtained at the 
level of the distal phalanx, the deep digital flexor tendon is in contact with the flexor surface 
of the distal phalanx and the impair ligament is not seen anymore.  
The distal digital annular ligament is situated between the digital cushion and the palmar 
surface of the deep digital flexor tendon but in sound horses is difficult to be identified.  
The podotrochlear bursa is interposed between the fibrocartilaginous part of the deep 
digital flexor tendon and the fibrocartilage of the flexor surface of the distal sesamoidean 
bone. If the bursa is not distended is very difficult to differentiate it from the 
fibrocartilaginous part of the deep digital flexor tendon and the fibrocartilage of the distal 
sesamoid bone, due to the hypoechoic to anechoic aspect of all three structures. Distal to the 
sesamoid bone, the podotrochlear bursa appears like a thin anechoic structure interposed 
between the deep digital flexor tendon and the distal impair sesamoidean ligament. 
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Fig.6 Transverse ultrasonographic section of the foot at the level of distal sesamoid bone 
using transcuneal approach: 1a. Digital cushion-fibroelastic layer. 1b. Digital cushion-fibrous 
layer.  2. The bar site. 3. Deep digital flexor tendon. 4. Distal border of the distal sesamoid 
bone. 
 
DISCUSSIONS 
 
Interest and Applicability 
The ultrasonography is a non-invasive procedure that has become very important in the 
diagnostic of distal limb lameness in the horse. This examination method presents a lot of 
advantages in practice, being less costly than other examination techniques, requiring a 
shorter examination time and being available in the field.  
 In order to realize an accurate diagnosis of the deep digital flexor apparatus lesions, 
the examination of the contralateral foot is mandatory on every clinical case, because these 
types of injuries are frequently bilateral even in unilaterally lame horses. Correct 
interpretation of the clinical ultrasonograms requires a detailed knowledge of 
ultrasonographic anatomy. 
The quality of the images and the precision of their interpretation also depend on the 
accuracy of the technique.  
Shape and frequencies of the transducers must be appropriate. Microconvex and 
convex transducers of 7.5MHz are preferable, but the ones of 10.0 MHZ may also be used. 
The position and orientation of the probe is crucial to the resolution and quality of the image, 
but also to echogenicity. The optimum echogenicity is obtained when the ultrasound beam is 
perpendicular to the examined tissue [12, 13, and 14].  
Another aspect that needs to be considered is the correlation between the echogenicity and 
the structure of the scanned tissue. This situation is applicable to the deep digital flexor 
tendon. On the palmar aspect of the middle phalanx the tendon has a heterogeneous structure, 
with a dorsal fibro-cartilaginous part and a palmar fibrous part. The fibro-cartilaginous part is 
less echogenic than the fibrous one. At the level of the distal sesamoid bone the deep digital 
flexor tendon becomes entirely fibro-cartilaginous so that it can slide over the distal scutum. 
Because of this and also because of the fibers orientation in this region, the deep digital flexor 
tendon has a hypoechogenic appearance. Distal to that, the tendon is completely fibrous, but 
even so it has a hypoechogenic appearance because of the orientation of the fibers.  
A peculiar case is the differentiation of two or more anatomical structures that have 
approximately the same echogenicity. This is the situation of the fibrocartilaginous part of the 
deep digital flexor tendon, the podotrochlear bursa, and the fibrocartilage of the distal 
sesamoid bone, in the transverse ultrasound scans obtained at the level of the distal sesamoid 
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bone. All the three structures have a hypoechoic to anechoic aspect. They can be well 
differentiated only when the podotrochlear bursa is distended. 
 
Limitations 
The ultrasound examination of the deep digital flexor apparatus also has some limitations, 
out of which the major one is the lack of imaging of the collateral part of the distal deep 
digital flexor tendon.  
 The foot conformation may constitute another impediment. The palmar approach is 
very difficult or even impossible in horses with high and/or contracted heels. Regarding the 
transcuneal approach, the thick dry frog can obscure the imaging of deep digital flexor 
apparatus.  
 Another limitation of this technique is the lack of imaging of bony tissue. Even if no 
osseous formation is included in the deep digital flexor apparatus, injuries of the distal aspect 
of the deep digital flexor tendon are often associated with lesions of the distal sesamoid bone 
and/or distal phalanx. In order to have a complete scan of the foot the most indicated 
technique is the MRI because it provides excellent complementary information about osseous 
and soft tissue [15, 16, 17, 18, 19, and 20]. The main disadvantage of the latter technique is 
the high cost. 
 
CONCLUSIONS 
The ultrasound exam is a non-invasive procedure that allowed us to adequately examine 
the deep digital flexor apparatus in horses. In order to have a better perspective, two different 
approaches have been used: palmar and transcuneal, but in some cases the latter one is more 
difficult due to the aspects already mentioned.  In the clinical assessment of this apparatus, a 
complete examination of soft tissues has to be complemented with the investigation of 
surrounding osseous formations: distal sesamoid bone and distal phalanx. In order to achieve 
this, ultrasonography is routinely applied as a complementary investigating method to 
radiology. The main advantages of this technique are low cost, short examination time and 
applicability in the field. 
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